Natural adhesion of Saccharomyces cerevisiae onto sugar beet pulp (SBP) is a very
INTRODUCTION
In the recent years, research on improving ethanol production has been accelerated for both ecological and economic reasons, primarily for its use as an alternative to petroleum-based fuels (1) . Currently, the global ethanol supply is originated mainly from sugar and starch feedstocks (2) . The development of a fermentation medium based on industrial substrates is economically desirable (3) . In the bioethanol production, the composition of the medium affects the physiological state and, consequently, the fermentation performance of the microorganism employed (4) . Molasses from the sugar beet processing due to the high content of fermentable sugars, which can be directly used for fermentation without any modification, is a very good raw material which is traditionally used for ethanol production (5) . Among many microorganisms that have been exploited for ethanol production, Saccharomyces cerevisiae still remains as the prime species (2) . Recent-ly, yeast cell immobilization techniques have become increasingly important and are being successfully applied in production of ethanol as a method for improving the process productivity (6) . Among the different immobilization technologies, entrapment of microbial cells within the polymeric matrices (calcium alginate, agar agar, gelatin, k-carrageenan, etc.) has been studied widely. However, technically it is less suitable for ethanol production because the growth of the yeast cells is restrained and also the slowly growing yeast cells are difficult to be removed from the systems (2) . However, the use of yeast immobilized by natural adhesion onto low-cost plant materials such as wood chips (7), apple peaces (8) , orange peel (9), sugar cane bagasse (10), sugar cane pieces (11), corn cobs and grape pomace (12) and maize stem ground tissue (13) , can effectively overcome these drawbacks. Yeast cells immobilization by adhesion onto the solid supports is attractive in ethanol fermentation, due to the operational easiness and high ethanol productivity, thanking to the effective retention of cells within the bioreactor. Besides, the possibility of recycling cells for inoculum permits the fermentation to be profitably carried out in continuous or repeated-batch mode (14) . The sugar beet pulp (SBP) was found to be efficient support for immobilization of S. cerevisiae in the ethanol production because of its heterogeneous structure, high porosity, biocompatibility, high water swelling capacity, good mechanical properties, and high cells retention capacity. This immobilization method is cheap, simple and easy (15) .
The novelity of this work lies in the investigation of the optimal conditions (inoculum concentration, glucose concentration and temperature) for the S. cerevisiae immobilization onto SBP. Further, the efficiency of immobilized yeast for batch ethanol fermentation of sugar beet molasses was investigated with the aim to achieve efficient ethanol production.
EXPERIMENTAL
Dried sugar beet pulp (SBP) kindly provide by a sugar factory near the city of Senta (Vojvodina province, Serbia) was used as the support for yeast cells. The SBP hydration was carried out by placing an amount of 15 g of dry SBP into 1 l Erlenmeyer flasks containing 500 ml of synthetic culture medium containing different amounts of glucose (100, 120 and 150 g/l) and the same amount of the following constituents: (NH 4 ) 2 SO 4 (1 g/l), KH 2 PO 4 (1 g/l), MgSO 4 (5 g/l) and yeast extract (4 g/l) at the pH 5.5, and was sterilized by autoclaving at 121 o C for 30 min. After the sterilization, the flasks were kept at room temperature for 24 h. The working microorganism was a commercial S. cerevisiae strain (Alltech-Fermin, Senta, Serbia), commonly used in Serbian baking industry, in the form of pressed blocks (70 % w/w moisture). To immobilize cells onto hydrated SBP, the flasks were inoculated with 5 g/l, 10 g/l and 15 g/l of yeast on dry basis, and placed on a rotary shaker (120 rpm) in a thermostat and kept at 30 o C for 24 h. After the immobilization of the yeast, the mass of cells immobilized onto the support was quantified gravimetrically according to Santos et al. (10) . Cell retention onto the support (R, g/g) was calculated as the ratio of dry matter of cells immobilized in the support (g) to the support dry mass (g). Carl Zeiss optical microscope connected to a Cannon S50 camera was used to capture yeast cells immobilized onto SBP. After the immobilization of the cells, the me- C to constant weight. The identical procedure was conducted by using support particles recovered from the cell-free medium, as a control, in order to avoid any interference in weighing measurements. The selected support containing immobilized yeast, with highest cells retention (R), was used for the batch fermentation of 500 ml of the sugar beet molasses in 1 l Erlenmeyer flasks. The reducing sugar content of molasses was 150.2 g/l, the pH was adjusted to 5.5 by addition of 10% (v/v) H 2 SO 4 and it was sterilized by autoclaving at 121 o C for 30 min. The fermentation kinetics was monitored by measuring the weight loss due to CO 2 release at various time intervals from the beginning of the fermentation batch until to its end (24 h). Samples of fermented liquids were analyzed for ethanol and reducing sugar. The fermented liquid was centrifuged at 3000 rpm for 15 min. The sample of supernatant was hydrolyzed in 33% HCl at 100°C for 10 min and neutralized with NaOH solution, and reducing sugar content was determined using the 3,5-dinitrosalicylic acid (DNS) method (16) . The ethanol concentration in the distillate was determined based on the density of the alcohol distillate at 20 o C, by pycnometer method (17) . Reducing sugar conversion (S u, %) was calculated as the ratio of utilized reducing sugar to the initial and multiplying by 100. The ethanol yield (Y p/s , g/g) was calculated as grams of ethanol produced per gram of utilized reducing sugar. The fermentation efficiency was calculated as the percentage of the maximal theoretical ethanol yield (E p/s , %). The volumetric ethanol productivity (Q p , g/lh) was calculated as grams of ethanol produced per liter per hour.
RESULTS AND DISCUSSION
The cell immobilization and ethanol productivity of immobilized yeast cells depends on the surface characteristics of the support, such as pore size, water content, hydrophilic properties and magnetism (18) . The S. cerevisiae was found to be immobilized by natural adhesion onto SBP due to the electrostatic interactions between support and the yeast cells surface and due to the capillary forces which hold cells inside the SBP cavities (15) . The process of cell adhesion to solid supports by biosorption is believed to occur due to electrostatic or van der Waals interactions between the cell membrane and the support. These adhesion forces are affected by variations in the medium composition and component concentrations, because they can strongly influence the surface energy of the immobilization support (14) .
A series of optical microscopic images (Fig. 1) were taken to visually explore the yeast immobilization onto SBP. As is shown in Fig. 1 , in the immobilization process, the yeast cells penetrate into the interior of bibulous sugar beet tissue, enabling adsorption onto the surface of the carrier, and meanwhile the SBP cavities are also filled with yeast cells. 
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